ABSTRACT
INTRODUCTION
Americium, a by-product in nuclear fuel processing, is an important intermediate in the production of the higher actinides by reactor irradiation. The principal isotope is 2q3Am which decays by alpha emission with a half-life of 7370 t 40 years(l).
A direct coulometric method for americium based on the stability of Am(III) and Am(V) in carbonate media was developed for the half-life stud~and was suitable for calibration of aliquots containing 20-30 pg of americium; however, attempts to analyze larger samples (50 pg) with improved precision needed in accountability analysis gave high results. A thorough study of the electrochemistry of americium at the conducting glass electrode was undertaken to determine the cause of the bias.
From published reports, the oxidation of Am(V) to Am(VI) and the instability of Am(VI) in aqueous solution were plausible interfering reactions . In aqueous solutions, americium is normally trivalent. Because oxidation of Am3+ to Am02+ involves the formation of oxygen bridges, the reaction is irreversible;
however, once the AmOz+ ion is formed, the Am(V) -Am(VI) couple can be used to determine this element coulometrically. Koehly(2) was the first to describe a coulometric method for americium.
He oxidized americium to Am(VI) by exhaustive electrolysis at the platinum electrode, and determined the americium by coulometrically reducing Am(VI) to Am(V), This method requires .
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excessively long electrolysis times (several hours) to quantitatively oxidize the americium. Stokely(3) shortened the procedure by replacing the electrolysis with a chemical oxidation. These authors also investigated the loss of Am(VI) due to reduction by water.
EXPERIMENTAL

R&agcn.th
The 243Am stock solution was purified by ion exchange, solvent extraction, and finally by the method of Moore(4).
Alpha pulse height analysis of the product showed it to be 98.8 alpha per cent 243Am with less than 0.05 alpha per cent 244Cm.
The 243Am solution was standardized at 1.49 mg Am/ml by alpha pulse analysis and precision alpha counting in combination with mass spectrometry(l).
The isotopic purity of the 241Am solution was confirmed by mass spectrometry.
All other solutions were prepared from reagent grade chemicals and demineralized laboratory distilled water.
During titration, the solutions were purged continuously with helium that had been bubbled through distilled water.
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Equipmen$
The scanning coulometer with automatic scan rate control has been described(5); both the controlled-potential and scanning modes were used. All titrations were initiated at the equilibrium potential of the working electrode with respect to the solution. For electrolysis at controlled-potential, the potential was advanced manually from the equilibrium potential to the desired electrolysis potential. This precaution prevented amplifier overload.
The titration cell assembly (Figure 1 ), was similar to those previously described(6) except for the conducting glass electrode (CGE) (7) which consisted of a layer of antimonydoped, tin oxide on the inner surface of the titration cell. The results were in complete agreement with the findings of Kuwana (7), which indicated that these electrodes would be suitable for electrochemical studies.
The general titration procedure has been described(5), double-layer compensation was used, but residual current compensation was not required. The capacitance of the electrical double-layer at the CGE in O.lM LiCIOq -0.05M Na2CO~was estimated to be 130 pfd/cm2.
In this study, the electrolyte was preoxidized and reduced and background scans were recorded to assure that no americium remained in the cell from previous titrations. Carryover of electroactive contaminants from previous titrations was minimized by oxidizing the americium before discarding the solution. The cell was filled with lM nitric acid when not in use.
Because cell resistance was low (<40 ohms) and the electrolysis currents were small (<30 pa), the coulograms were not corrected for the voltage drop introduced by the surface resistance of the CGE. Since high carbonate concentrations (>0.05M) appeared to favor the production of the species responsible for the wave at -0.04 V, an electrolyte of O.lM LiCIOq -0.05M NazCOa was selected to minimize this effect.
The wave at +0,26 V was assigned to the oxidation of Am (III) to Am(V) ; the wave at -0.77 V was assigned to the reduction of Am(V) to Am(III). These assignments were based on Am3+ as the stable species in aqueous solution, a two-electron change for the oxidation and reduction steps and the irreversible behavior of the system.
Because the higher valence states of americium are known to be unstable in aqueous solution, the americium stock solution was assumed to contain only the Am3+ species. This assumption was supported by coulograms for the reduction of aliquots of the stock solution which essentially duplicated background scans.
The number of electrons involved in the oxidationreduction steps at +0.26 V and -0.77 V was determined by titrating aliquots of the isotonically pure solution of 2qlh. The 241Am solution was utilized here since the half-life has been determined accurately by calorimetry(9), and the solution could thus be standardized precisely by alpha counting. Although the results were consistent with a two-electron transfer for both the oxidation and reduction steps, the number of electrons calculated from the height of the oxidation wave was always slightly more than two. This behavior was later attributed to a partial oxidation of Am(V) to Am(VI) as will be explained.
The irreversible behavior of the Am(III)-Am(V) couple (as anticipated from the chemistry of the system) was evidenced in the-wide separation between the oxidation and reduction waves and by the agreement between the observed and theoretical response of the instrument to an irreversible process.
The coulometer records well defined waves for an irreversible process due to a unique method of scan rate control in which the instrument maintains the product of the electrolysis current (i) and the scan rate (dE/dt) at a constant value.
Thus the slope of the recorded coulogram is given by, Before the theoretical coulograms could be calculated, f3
had to be determined by controlled-potential coulometry, and k E;, and a had to be estimated from the coulograms. s,h$ Thus DP-MS-68-68 current-time curves were recorded at controlled potential in the limiting current region for both the oxidation and reduction steps . In each case, graphs of log i versus t were convex upward, indicating that the electrode reactions were more complex than could be explained in terms of simple irreversible theory.
Similar phenomena have been reported for vanadium solutions by
Israel and Metes.
Because of this complex behavior, only estimated values for 6, k~~, E: and a could be obtained from the data; coulograms 9 were calculated from these estimated values. The results In every instance, the potentials were so unstable that no steady state values could be obtained.
Because of the better definition of the oxidation step, this wave was preferred for the quantitative determination of americium. Therefore, the factors responsible for the increased height of this wave were investigated.
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Am ( During studies of the Am(V) oxidation process, Am(VI) solutions were observed to decompose slowly on standing; with a rate of decomposition that was greater than could be explained on the basis of self-reduction via radiolysis.
Stokely and Shultz(3) attribute the loss to the reduction of Am(VI) by water by a process that is first order with respect to the Am(VI) concentration. This reaction was investigated because results for the amount of Am(VI) in solution determined by controlled-potential reduction must be corrected for the reduction of Am(VI) by water.
If the loss of Am(VI) via reduction by water is first order in terms of the Am(VI) concentration, then the change in Am(VI) concentration during controlled-potential reduction is given by,
where Am(VI) = amount of Am(VI) in solution after time = t k= rate constant for the reduction of Am(VI) by water B = rate constant for coulometric reduction of Am(VI)
Integrating the above equation gives
where Amt = amount of Am(VI) at t = O, Since the rate for the coulometric production of Am(V) is given by,
substitution for the bulk concentration of Am(VI), (2), into (3) and integrating gives,
where Am(V) = amount of Am(V) produced by coulometric reduction e of Am(VI).
For long electrolysis times, Equation 4 reduces to,
The ratio @/(6+k) was obtained by exhaustively electrolyzing known amounts of americium at +0.56 V to produce Am(VI).
The solutions were then reduced immediately at -0.36 V and the amounts of Am(V) calculated from the integrated current. e The oxidation step was assumed to give essentially complete conversion of the americium to Am(VI) . This assumption was justified on the basis of a small value for k as will be seen.
Values for @ and k were obtained in a like manner except that the Am(VI) solutions were allowed to stand for periods of up to one hour before the reduction titration was begun. The This compares favorably with the value of 1.49 mg 243Am/ml determined by radiochemical methods. The precision of the method at the 30-pg level was 1,5%.
A limited study of the effect of diverse ions indicated that purification will be necessary if this technique is to be used with other than pure solutions.
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Neither chloride nor nitrate interfers at O,OIM concentrations. However, sulfate and flouride must be avoided.
Sulfate produces an anodic shift of the Am(III)-Am(V) wave, and flouride damages glass surfaces.
Most cations interfere; plutonium, neptunium, uranium, and ruthenium undergo redox reactions near the Am(III)-Am(V) wave.
Iron precipitates and scavenges some of the americium. Curium and other radioelements interfere because radiolysis products contribute to the background processes,
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